Introduction: Nanocomposite has been developed as a dental restoration. Nano-scale filler can result in high mechanical properties and good esthetic. Nanofiller materials such as partially stabilised z irconia (PSZ) has been recommended for dental use. This form of zirconia can be stabilised by the addition of several different oxides such as magnesia and calcia. Chitosan as a coupling agent was able to increase the nanocomposite's mechanical properties. The purpose of this research was to evaluate the nanocomposite's hardness value with and without the addition of chitosan as a coupling agent as well as a different stabiliser of zirconia filler. Methods: Procedures of this research consisted of several stages which were the fabrication of nanocomposite and mechanical properties measurement using the Vicker's hardness testing. Results: The nanocomposite's hardness value (kg/mm 2 ) with zirconia filler stabilised by MgO without the addition of chitosan was as much as 5.09 and with the addition of chitosan was 7.51; the nanocomposite's hardness number with zirconia filler stabilised by CaO without the addition of chitosan was 8.16 and with t h e addition of chitosan was 13.13. The results were then analysed statistically using the Analysis of Variance (ANOVA) test and showed a significant difference between all of those data groups. Conclusion: The addition of chitosan as well as different stabiliser (MgO and CaO) of Zirconia filler had affected the nanocomposite 's hardness value.
INTRODUCTION
There are four groups of materials used in dentistry: metal, ceramic, polymer, and composite. Materials scientists and dentists continue researching the ideal restorative material. Restorative dental materials contain all synthetic components can be used to repair or replace the teeth structure, including bonding agents, liners, cement bases, amalgams, resin-based composites, compomers, hybrid ionomers, cast metals, metal-ceramics, ceramics, and denture polymers. 1 Composite is one of the restorative materials used in dentistry to replace missing teeth structure and enhancing the aesthetics. Composite resin composed of four major components: organic polymer matrix, with two most common polymer matrix have been used are Bis-GMA and UDMA, added by diluents monomer such as TEGDMA to reached clinical consistency when compounded; anorganic filler such as crystaline quartz, lithium aluminosilicate, barium aluminoborate silica glass, and fused silica as reinforcement compound; coupling agent, such as silanes, which added to earn a very stable adhesive bonding between filler and matrix, thus improving strength and wear resistance; initiators and accelerators, light activation, which accomplished through the blue light with a wavelength peak approximately at 470 nm, which absorbed by an initiator such as camphoroquinone, and an organic amine as the catalyst.
2,3
The filler particle size and amount affect some properties such as strength and hardness. Therefore, many research on the resin composite were focusing on the filler size. New composites have been developed with nano-sized filler (nanofiller). Nanofiller results in a smooth surface and improved mechanical properties. [3] [4] [5] Many efforts have been done for improving the mechanical properties of the nanocomposite, one of them is using zirconia as the filler. 6 Ceramic materials such as zirconia have great potential as substitution material for traditional materials in many biomedical applications. Since the end of the 1990s, the form of partially stabilised zirconia (PSZ) has been recommended for dental use due to its excellent strength and superior fracture resistance as a result of an inherent transformation toughening mechanism. This form of PSZ was able to reached when the tetragonal phase was stabilised. Several different oxides, such as magnesium oxide (MgO), yttrium oxide (Y 2 O 3 ), calcium oxide (CaO), and cerium oxide (Ce 2 O 3 ), can be added to zirconia to stabilise the tetragonal phases. Based on the economic consideration and the natural availability, in this research, MgO, and CaO were used as stabilisers. 5, 6 Beside filler modification, there are other efforts to get nanocomposite with improved mechanical properties, one of them is a modification of the coupling agent, which in this research was the addition of chitosan. Chitosan is the N-deacetylated derivative of chitin. It is the second most abundant natural biopolymer after cellulose. Chitosan is nontoxic, biocompatible, and more economical than other synthetic materials. 7 Chitosan has the adhesive characteristic that forms a good bonding between filler and matrix thus increasing the mechanical properties of the nanocomposite.
8,9
The hardness property is one of the major importance in the comparison of restorative materials.
3 To get a composite suitable for dental restoration, it requires hardness that resembles the teeth structure to make the composite having the good wear resistance. Resin composite often tested regarding its ability to substitute the hardness property of amalgam. 10 Many research has been conducted on improving the hardness of resin composite, such as modification on the filler and also modification on the coupling agent. The purpose of this research was to evaluate the nanocomposite's hardness value with and without the addition of chitosan as a coupling agent as well as a different stabiliser of zirconia filler. Procedures of this research consisted of several stages which were a fabrication of nanocomposite and the measurement of the nanocomposite's hardness value with HV-1000
METHODS

This research was conducted at the Advanced
Vickers microhardness testing machine. The powder was mixed with the coupling agent and polymer matrix with the composition of 70% of PSZ filler and 30% mixture of the polymer matrix, coupling agent, initiator, and catalyst.
An organic polymer matrix used in this research was UDMA, and the diluents were TEGDMA & HEMA, champoroquinone was used as the initiator, and DMAEMA was used as the catalyst. Chitosan as the coupling agent was given to the two specimens (MgO and CaO stabilisers), mixed with trimethoxy (propyl) silane, as for the other two specimens were only given trimethoxy (propyl) silane as the coupling agent.
All samples were fabricated by casting the mixture of nanocomposite on the plastic ring with the height of Φ5 mm and 2 mm, then lightcured with the Woodpecker's LED-D Curing Light for two minutes with the wavelength of 420-480 nm. Prepared samples then tested with HV-1000 Vickers microhardness testing machine with the test force of 9.8 N for 15 seconds.
RESULTS
The final stage of this research was the measurement of the hardness value of all nanocomposite specimens. Figure 1 showed the nanocomposite specimens ready for hardness measurement. Vickers indentor formed a diamondshaped with diagonal of 340-680 µm. The smaller the diagonal, the higher the hardness value, vice versa. Hardness values of all nanocomposite specimens were shown in Table 1 .
Furthermore, the statistic analysis using the ANOVA test was performed to see significant differences in the hardness value of all nanocomposite specimens, with the results shown in Table 2 . Table 2 shown the hardness value result of all nanocomposite specimens. The hardness value of sample D was 13.13, and based on Table 3 , with a degree of freedom 3 (numerator), and 16 (denumerator), the F critical was 3.24 (α = 0.05), and the statistic value of F was 30.06. The hypothesis of this research were as follows: H 0 stated that there was no significant difference in the hardness values among all nanocomposite specimens with or without chitosan and different stabilisers (MgO and CaO) in the PSZ fillers. H 1 stated that there was a significant difference in the hardness values among all nanocomposite specimens with or without chitosan and different stabilisers (MgO and CaO) in the PSZ fillers.
The H 0 was accepted if the F value was smaller than the F critical . In the result of this research, however, the F value was higher than the F critical (30.06 > 3.24) thus H 0 was rejected, and H 1 was accepted. It means that there was a significant difference in the hardness values among all specimens. The nanocomposite with chitosan as coupling agent was different from the specimen without chitosan, and nanocomposite with PSZ filler containing MgO stabiliser MgO was different from the specimen with CaO stabiliser.
DISCUSSION
The research results showed that the hardness value of nanocomposite specimen with MgOstabilised Zirconia filler without chitosan as coupling agent was 5.09 kg/mm 2 ; MgO-stabilised Zirconia filler with chitosan was 7.51 kg/mm 2 ; CaO-stabilised Zirconia filler without chitosan was 8.16 kg/mm 2 ; CaO-stabilised Zirconia filler with chitosan was 13.13 kg/mm 2 . Nanocomposites with addition of chitosan as coupling agent had a higher hardness value than the specimen without chitosan. This result showed that chitosan was significantly increasing the mechanical interlocking between filler and matrix. Adhesive ability of chitosan could produce a strong bonding between filler and matrix which leads to improved composite mechanical properties.
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Furthermore, nanocomposites with Zirconia filler contained CaO stabiliser had a higher hardness value than the specimen contained MgO as a stabiliser. This result proves that the stabiliser type affected the hardness of nanocomposite. Calcium gives a driving force that able to elongate the particle. With a long-shaped particle, the formation between particles will be more solid and stable, which produces improved composite mechanical properties.
12 Thus in this research, the CaO stabiliser was improving the mechanical strength better than the MgO stabiliser.
Despite of these mechanical properties improvement, when compared to the commercially manufactured composites, the hardness values of The low hardness value of the specimens in this research was probably caused by the composition of filler, coupling agent, and the matrix was not optimized. The composition used in this research was 70% of filler; 10% of coupling agent; dan 20% of matrix. Whilst the composition of the polymer matrix was: 9% of UDMA; 4% of HEMA; 3% of TEGDMA; 3% of DMAEMA; and 1% of champoroquinone as photoactivator. This composition probably caused brittle and limited strength specimens. This condition could be caused by too high filler content which leads to the limited bonding between filler and matrix. It is also necessary to establish an appropriate composition of the coupling agent and how to manipulate it to make the coupling agent well-enveloping the filler particles thus a strong bonding between filler and matrix could be obtained. The polymer used was UDMA, which had a lower viscosity than Bis-GMA. This factor also affected the consistency of the matrix mixture and most importantly, the mechanical properties of the nanocomposites.
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The low hardness value could also caused by an incomplete polymerisation process. Nanocomposites produced in this research were opaque, which can affected the duration needed for the polymerisation process. Dark-coloured or opaque composites absorb more light thus need a longer light-curing duration than the translucent ones. 3, 5 In this research, the lightcuring process with the wavelength of 420-480 nm was performed in layers with a duration of two minutes for each layer. Two minutes was a long time that can cause patient's discomfort, but makes the polymerisation process incomplete due to the composite's opacity.
The other possibility was the process of compounding the filler, coupling agent, and matrix which was still not perfectly homogeneous. The mixing technique in this research was performed by stirring the mixture with a spatula, then the ultrasonic bath was used for a homogenous mixture. Other mixing technique could be implemented to get a better compound which is more homogenous, to improve the mechanical properties. Non-homogenized nanocomposite can cause an indentation in the hardness measurement which will contact the brittle area thus makes a low hardness value.
CONCLUSION
The conclusion of this research was the addition of chitosan as coupling agent significantly increasing the mechanical interlocking between filler and matrix thus increasing the nanocomposite hardness value, and the calcia stabiliser produced higher nanocomposite hardness value than the magnesia stabiliser.
